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VERBAL ESTIMATION OF DISTANCB IN A SIMUWTBD SPACE WIRONWN" 

By Malcolm D. Arnoult ,  B i l l  R. Brown, Robert J. Vincent ,  and Sandra Tees 

Texas C h r i s t i a n  Un ive r s i ty  

Pre l iminary  work has ind ica t ed  that when - Ss are given  no informtion other 

than  the  real s i z e  of t h e  target, verbal estimates of d i s t a n c e  over t h e  200 - 
5009 f t .  range t end  t o  have a median error of about 5596, w i t h  errors on indivi-  

dua l  trials running as high as 1000%. Two experiments  i nves t iga t ed  poss ib l e  

ways of improving t h e  accuracy of verbal judgments. 

s t imulus  sequence (random o r  s e q u e n t i a l ) ,  d i s t a n c e  range, and the  presence of 

ve rba l  anchors  were examined, I n  t h e  first experiment t h e  limits of the d i s -  

tance  range being used were shown and i d e n t i f i e d  t o  the Ss befo re  each set of 

10 judgments of randomly chosen d i s t a n c e s ,  

t h e  median error t o  about  15%- 

sequen t i a l  p re sen ta t ion  of d i s t ances .  The effect oc' anchors  w a s  about  the 

same, but  there were also some adap ta t ion  effects steaming from t he  s e q u e n t i a l  

order of s t imula t ion .  

E f f e c t s  due t o  kind of 

- 
The use of these ''anchors" reduced 

A second e x p e r k n t  i nves t iga t ed  t h e  e f f e c t  of 

INTRODUCTION 

Recent developments i n  space exp lo ra t ton  hale made it clear that f u t u r e  

missions w L l l  r e q u i r e  more and more p a r t i c i p a t i o n  m d  r e s p o n s i b i l i t y  on t h e  

p a r t  of human ope ra to r s .  Furthermore, even i n  those  tasks i n  -rhich F r i m r y  

dependence is placed upon mechanical dev ices  for ob ta in ing  necessary  observa- 

t ions and for making cr i t ical  c o n t r o l  dscLsLons, it is n e c e s s m y  t o  determine 

the  u l t .  I t a 2  back-up c a p a b i l i t y  of t h e  human being i n  t h e  e v a t  of equipment 



f a i l u r e ,  

t he  fundamental capabilities of t h e  a s t r o n a c t  t o  obtain obse rva t iona l  data, t o  

process  these data and arrive a t  command decisions, and t o  execute  tha neces- 

s a r y  c o n t r o l  ad justiuents accomplishing the  va r ious  tasks e s s e n t i a l  t o  t h e  

success  of a mission i n  rpace. 

It is important ,  t h e r e f o r e ,  t ha t  information be gathered concerning 

There are a number of tasks involving visual percept ion which w i l l  have t o  

be performed under cond i t  ion8 q u i t e  dif  f e r e n t  from comparable tasks performed 

on or near  the  s u r f a c e  of the earth, Th@se tasks involve d e t e c t i o n ,  i d e n t i f i -  

c a t i o n ,  t r a c k i n g ,  d i s t a n c e  judgment, and v i s u a l  o r i e n t a t i o n .  

most prominently i n  t h e  accomplishment of orbital  rendezvous and p l a n e t a r y  

landing. The priocary d i f f i c u l t y  i o  the performance of such tasks i n  space 

d e r i v e s  from t h e  f a c t  t h a t  most human observers have had no exper ience  w i t h  t he  

p r o p e r t i e s  of l i g h t  i n  a vacuum. 

They w i l l  occur  

The perceptua l  judgment which w i l l  be most affected by the  absence of an 

atmosphere is that of judging d is tance .  

decrease r a p i d l y  in e f f e c t i v e n e s s  as d i s t a n c e  inc reases ,  and most monocular 

cues  depend upon g r a d i e n t s  which occur  either i n  the atmosphere or i n  the  

phys ica l  t t subs t ra te t '  which is cont inuous between t h e  observer and the d i s t a n t  

object. Both of these kinds  of cues w i l l ,  of course,  be absent  i n  space,  airs 

the  observer  w i l l  g e n e r a l l y  be dependent upon only two cues, relative b r i g h t -  

nes s  and the s i z e  of the r e t i n a l  image. The f i r s t  of t hese ,  r e l a t i v e  b r i g h t -  

ness, w i l l  seldom provide r e l i a b l e  information,  since it w i l l  va ry  as a 

func t ion  of o r i e n t a t i o n  which w i l l  be c o n s t a n t l y  vary ing  becauare of o r b i t a l  

movement, t rcanrlatory mow-aaent, and rotation of t h e  t a r g e t  about its own axtm. 

I n  effect, then, the size of t h e  r e t i n a l  image w i l l  be t h e  only  available 
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v i s u a l  cue t o  d i s t a n c e  of a t a r g e t ,  which means t h a t  t h e  real s i z e  of t h e  

target must be known t o  t h e  observer. Furthermore, there is reason t o  b e l i e v e  

t h a t  dependence upon t h i s  cue,  as such, is rather s l i g h t  i n  o r d i n a r y  viewing 

s i t u a t i o n s ,  which impl ies  t h a t  accuracy of d i s t a n c e  judgments based on r e t i n a l  

s i z e  a lone  should be rather poor, 

There are o t h e r  f a c t o r s  which w i l l  c o n t r i b u t e  t o  poor accuracy of d i s t a n c e  

judgment i n  space,  The absence of shadow g r a d i e n t s  i t h e  f a c t  t h a t  s u n l i g h t  

is collimated (parallel  r a y s )  w i l l  t end  t o  make o b j e c t s  a t  d i s t a n c e s  greater 

than  t h e  e f f e c t i v e  range of b inocu la r  cues  have a two-dimensional a p p a r a n c e .  

A l s o ,  s i n c e  most man-made o b j e c t s  w i l l  be f a i r l y  sh iny ,  there w i l l  be o t h e r  

b r i g h t n e s s  g r a d i e n t s  (e.g. , a specu la r  "hot-spot" surrounded by dec reas ing  

b r i g h t n e s s )  which may provide confusing cues. 

own axes may provide s t i l l  other sources  of confusion, S ince  on ly  those p a r t s  

of t h e  t a r g e t  d i r e c t l y  i l lumina ted  may be v i s i b l e  a t  a l l ,  there could appear  t o  

be cont inuous changes i n  t h e  appa ren t  s i z e  of t h e  t a r g e t  which are independent 

of d i s t ance .  

Severa l  s t u d i e s  have sought  t o  determine t h e  degree  t o  which t h e  

Rota t ion  of t h e  t a r g e t  about its 

observer's v i s u a l  c a p a b i l i t y  is degraded under space  cond i t ions ,  Arnoul t ,  

McKinney, and Adams (1962) presented  - Ss w i t h  an i l l umina ted  d i s k  a t  v a r i o u s  

d i s t a n c e s  i n  a completely darkened arza. Resu l t s  i n d i c a t e d  t h a t  average  errors 

i n  d i s t a n c e  judgment exceeded 32 percent ;  i nd iv idua l  ranges varied from 3 to  

247 percent.  

i n t e r -  judgment v a r i a b i l i t y .  

There also e x i s t e d  a s u b s t a n t i a l  amount of i n t e r - sub jec t  and 

Pennington and Brissenden (1963) asked - Ss t o  estimate t h e  d i s t a n c e  of 

targets of known s ize  a t  randomly s e l e c t e d  d i s t a n c e s ;  t hey  found t h a t  estimates 
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were h igh ly  cons is fen t ,  w i th  a high  degree of accuracy being observed f o r  

distances under 500 feet. 

whereas overes t imat ions  were more f r e q u e n t  for l a r g e  objects. 

Small objects  tended t o  produce underes t imat ions ,  

Beasley and Yennington (1965) conducted a series of tests i n  order t o  

determine t h e  human a b i l i t y  t o  judg? range wi th  no cues excep t  t h e  apparent  

s i z e  of t h e  o b j e c t  viewed. 

the  range of t h e  l a r g e r  models; fur thermore ,  the - Ss a c c u r a t e l y  e s t ima ted  t h e  

range of receding t a r g e t s  a t  much g r e a t e r  d i s t a n c e s  than t h a t  of approaching 

t a r g e t s .  The a u t h o r s  s t a t e d  tha t  it is poss ib l e  t h a t  t h e  p o i n t  a t  which t h e  

s i z e  and shape of a s p e c i f i e d  t a r g e t  can f irst  be reso lved  could determine t h e  

s p e c i f i c  d i s t a n c e  on which subsequent estimates could be based. 

The r e s u l t s  showed t h a t  Ss tended t o  overes t imate  - 

An experiment  by Koppa (1965) has indicated t h a t  accuracy of d i s t a n c e  

judgments, under s imulated space c o n d i t i m s ,  d iminishes  as  a f u n c t i o n  of tarket 

d i s t a n c e  both  w i t h  and without  a star f i e l d  pa t t e rned  background; however, t h e  

presence of t he  star f i e l d  appears  t o  produce more a c c u r a t e  and less v a r i a b l e  

e s t i m a t i o n s  a t  nea re r  d i s t a n c e s  (200 E t . ) .  Mean observer  e s t i m a t i o n  error 

rantjed from 95 t o  955 feet. Ths au tho r  sugges ted ,  on t h e  basis of a high 

degree of within-observer cons i s t ency ,  t h a t  anchoring procedures involv ing  a 

s tandard  d is tance  may improve pe r f  ormarrce. 

The p resen t  s t u d i e s  were intended . 1 assess t h e  accuracy of v e r b a l  

abso lu t e  d i s t a n c e  judgments under s imulated space cond i t ions ,  w i t h  no informa- 

t i o n  o t h e r  than  t h e  acti2al s i z e  of t h e  t a r g e t .  

t o  s p e c i f y  t h e  ways i n  which the accuracy of d i s t a n c e  estimates may be 

improved; s p e c i f i c a l l y ,  t h e  e f f e c t s  of s tandard  verbal anchors  and s e q u e n t i a l  

p re sen ta t ion  of s t imu lus  dis tances  (as opposed t o  randomly presented  s t i m u l i )  

were evaluated.  
4 
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EXPERIMENT I 

*athod 

Subjects.--Twenty male u n d e r g a d u a t e s  a t  Texas C h r i s t i a n  Un ive r s i ty  were 

paid t o  p a r t i c i p a t e  i n  t h i s  research .  

(uncorrec ted)  v i s i o n  as judged by a n  op tomet r i s t .  

A l l  obse rve r s  possessed emmetropic 

None of t h e  observers  had 

exper ience  i n  similar r e sea rch ,  and they  were not  informed of t h e  i n t e n t  of t h e  

research u n t i l  t h e  conclusion of t h e  s tudy.  

Apparatus.--Apparent distances were genera ted  by an opto-mechanical 

s imula tor .  The dev ice  o f f e r e d  a high-f i d e l i t y ,  three-dimensional image of a 

30 x 13 f t .  (9.14 x 3.96 m.) space v e h i c l e  (Apollo Command and Se rv ice  Module) 

i l lumina ted  by a "suntt source  i n  a s t a r - f r e e ,  outer-space environment. The 

l i g h t  was maintained a t  a f i x e d  d i s t a n c e  from t h e  t a r g e t ,  i n s u r i n g  t h a t  t h e  

apparent  b r i g h t n e s s  v a r i e d  a p p r o p r i a t e l y  w i t h  s imulated d i s t ance .  Furthermore, 

the  apprent  source  of the reflected l i g h t  r a y s  was a p p r o p r i a t e  t o  t h e  d i s t a n c e  

be ing  s imula t ed .  The usable  d i s t a n c e  range was 150 f t .  t o  20,000 ft .  (45.72 m. 

t o  6096 m.). The target was t i l t e d  approximately 37' toward t h e  bbserver, such 

that t h e  maximum simulated v e r t i c a l  dimension w a s  about  27.34 f t .  (8.33 m.). 

The appa ra tus  is descr ibed  i n  d e t a i l  by Arnoult ,  Vincent,  Brown, and Hensleigh. 1 

Orientation.--Each - S p a r t i c i p a t e d  i n i t i a l l y  i n  an  o r i e n t a t i o n  s e s s i o n ,  

dur ing  which he was i n s t r u c t e d  t o  estimate t h e  d i s t a n c e  of t h e  t a r g e t  a t  40 

s e p a r a t e  d i s t a n c e s  w i t h i n  a range from 200 f t .  (60.96 m.) t o  5000 f t .  (1524 m.). 

'M. D. Arnoul t ,  R. J. Vincent ,  B. R. Brown, and R. H. Hensleigh,  
Desc r ip t ion  of the  NASA-TCU Space Vision Simulator.  Cont rac t  Report ,  
P r o j e c t  NAS 2-1481 ( i n  progress) .  
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A l l  - Ss were presented  w i t h  these s t imu lus  d i s t a n c e s  i n  the mme order .  A 

s h u t t e r  occluded t h e  scene while t h e  t a r g e t  was moved from one p o s i t i o n  t o  

another .  Responses were repor t ed  i n  feet by 15  - Ss, i n  yards  by 4 - Ss, and i n  

t h e  metric system by a r i n g l e  observer. A t  no time was any obaewer informed 

of t h e  accuracy of h i s  responses  du r ing  t h e  o r i e n t a t i o n  se s s ion .  Care was 

taken t o  i n s u r e  t h a t  t h e  - Ss were unaware of the way i n  which t h e  s imula t ion  was 

accomplished. The average e l a p r e d  t i m e  between jUdb,s3entS was 10 seconds. 

The only  information provided the  observers d u r i n g  the  o r i e n t a t i o n  s e s s i o n  

was t h e  s i z e  of t h e  t a r g e t .  I n  an a t tempt  t o  relate the target dimensions t o  

familiar objects, each - S w a s  permi t ted  t o  in spec t  t w o  a d j a c e n t  rooms w i t h i n  the  

l abora to ry ,  t h e  overall dimensions of which were 30 x 12 x 10 f t .  

x 3.05 m.). H e  was informed t h a t  t h e  t a r g e t  would j u s t  about  f i t  i n t o  t h a t  

(9.14 x 3.66 

s t r u c t u r e .  

On t h e  basis of t h e  responses  i n  the  o r i e n t a t i o n  phase, t h e  - Ss were rank- 

ordered as "over- or underestimators".  Each S was t h e n  ass igned  t o  one of f o u r  - 
experimental  groups such t h a t  the  f ive obse rve r s  i n  any one group were matched 

on t he  basis of t h e i r  earlier performance with - Ss i n  t he  other groups. 

St imulus distances.--Twenty e q u a l l y  spaced d i s t a n c e s  between 200 f t .  and 

960 Et. (60.96 m. and 292.61 D.) (40 f t .  increments) or 20 e q u a l l y  spaced 

d i s t a n c e s  between 1000 f t .  and 4.800 f t .  (304.80 m. anJ  1463.04 m.) (200 f t .  

increments) were presented  twiae i n  irregular order each day. 

presented w i t h  t h e  same 40 d i s t a n c e s  i n  t h e  same order under a given condi t ion .  

A l l  - SI were 

Only one s t imu lus  range was presented per  s e s s ion .  

6 



Procedure.-=The Ss i n  t h e  fou r  experimental  groups each made observa t ions  

The o rde r  of condi t  ions was d i f  f e r e n t  f or 
I -  

under f our experimental  condi t  ions. 

each group. 

In  those  cond i t ions  r e f e r r e d  t o  as anchor cond i t ions  (A) the - Ss were t o l d  

t h e  exact simulated distances of the end p o i n t s  of t he  s t imu lus  range p r i o r  t o  

t h e  lst,  l l t h ,  2 l s t ,  and t h e  31st s t imulus  presenta t ions .  

t a r g e t  as t h i s  information was provided. 

The - Ss vieb..4 t h e  

During the  s e s s i o n s  comprising tho  no-anchor cond i t ions  (NA) the  observers  

were shown t h e  most extreme s t i m u l i  p r i o r  t o  t r i a l s  1, 11, 21, and 31, b u t  t hey  

were t o l d  only t h a t  no s t imulus  would be presented nearer (or farther) than 

these d i s t ances .  

Table  I d e p i c t s  the experimental  design. 

The apparent  distances of these s t i m u l i  were not  divulged. 

TABLE I 
ORDER OF PARTICIPATION IN VARIOUS EXPERIMENTAL CONDITIONS 

FOR EACH EXPERIMENTAL GROUP 

Group 

A 

B 

c 

D 

Verbal Anchor (A) No Verbal  Anchor (NA) 

Short  Range Long Range Shor t  Range Long Range 

4 3 1 2 

3 4 2 1 

1 2 4 3 

2 1 3 4 
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Resul t8  
~ 

For t h e  g raph ica l  ana lyses  r epor t ed  below, d i s t a n c e  

cond i t ions  from a l l  Ss were converted t o  a percent  error 

as used he re  is t h e  ra t io  

- 
judgments under a l l  

score. Pe rcen t  e r r o r  

Judged Dis tance  - Simulated U h t a n c e  
Simulated Dis tance  

Except where noted, on ly  t h e  a b s o l u t e  v a l u e  of t h e  percent  error score was 

considered f o r  a n a l y s i s .  In a l l  ana lyses  t h e  median was used a8 a summary 

s ta t is t ic  for t h e  percent  error scores. 

Blocks - of trials (Pig. 1) . -Grcnip median percent  errors for  each experi- 

mental cond i t ion  were p l o t t e d  i n  blocks of 10 t r ia ls .  Inspec t ion  of Fig. 1 

reveals the  fo l lowing  t rends :  (1) verbal anchors  for both long and s h o r t  ranges  

produced a l a r g e  d rop  i n  median percent  error; (2 )  as e x p c t e d ,  judgments f o r  

t h e  or ientat ion session were t h e  least a c c u r a t e ;  and (3) f o r  t h e  o r i e n t a t i o n  

and no anchor cond i t ions ,  there was some improvement i n  performance over blocks 

of trials; such improvement was no t  e x h i b i t e d  under t h e  anchor condi t ions .  

Grouped - data (Fig. 2).--Distance judgments, i n  terms of median percent  

error, f o r  the  v a r i o u s  experimental  c o n d i t i o n s  were p l o t t e d  as a f u n c t i o n  of 

t h e  c o n d i t i m  adminis tered dur ing  the  f i rs t  s e s s i o n  of t h e  experiment.  Inspec-  

t i o n  of Fig. 2 shows t h a t  t h e  presence of anchor information tended t o  i n c r e a s e  

t h e  accuracy of d i s t a n c e  estimates; fur thermore,  t h e  "anchor f i r s t "  cond i t ion  

led t o  improvement only under t he  MA c o n d i t i o n s  ( f o r  both ranges).  

8 
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Specif i.c distances--No - anchor cond i t ion (F igs ,  3 & 4)2,--The median percent  

error scores f o r  t h e  NA cond i t ions  were p l o t t e d  as a func t ion  of i n d i v i i d u a l  

d i s t a n c e  po in t s ,  Inspec t ion  of F ig ,  3 (short range)  and Fig ,  4 ( long  range) 

r e v e a l s  t he  fo l lowing  gene ra l  t rends :  (1) accuracy of judgments v a r i e d  widely 

amonb t h e  i n d i v i d u a l  d i s t a n c e  s t i m u l i ;  (2 )  for t h e  short range, accuracy  of 

d i s t a n c e  estimates increased  as a f u n c t i o n  of i n c r e a s i n g  t h e  number of previous  

s e s s i o n s ;  and (3 )  t h e  number of previous s e s s i o n s  was i r r e l e v a n t  t o  performance 

for t h e  long range. 

S p e c i f i c  distances--Anchor cond i t ion  (Figs ,  5 & 6),--Median percent  error 

scores for the  verbal anchor c o n d i t i o n s  w e r e  p l o t t e d  as a f u n c t i o n  of i n d i v i -  

dua l  d i s t a n c e  po in t s ,  Inspec t ion  of Fig. 5 (short  range)  and Fig. 6 (long 

range)  shaws the following t rends :  (1) f o r  both long and short  ranges,  t h e  

presence of anchors  produced a l a r g e  improvement i n  performance as compared t o  

the no anchor c o n d i t i o n s  (F igs ,  3 8t 4); ( 2 )  accuracy of judgment for t h e  ind i -  

v i d u a l  d i s t a n c e s  w a s  r e l a t i v e l y  constarat; ( 3 )  percen t  error among d i s t a n c e  

po in t s  v a r i e d  most for t h e  long range; and (4) the  number of previous sessions 

had l i t t le  effect on performance under t he  anchor condition, 

Over- and underes t imat ions  (Fig. 7).--For t h i s  a n a l y s i s  responses  were -- - 
dichotomized as over- and underes t imat ions  on t h e  basis of t h e  d i r e c t i o n  of t he  

error i n  judgment, F igurz  7 shows performance of over- and underes t imators  

(0 or U) i n  t h e  A and NA condi t ions .  The f o u r  experimental  groups were 

2Technica11y, F igs ,  3 & 4 and a l l  subsequent f i g u r e s  should be cons t ruc t ed  
as bar graphs as was F i g .  1, The au tho r s  feel however t h a t  t h e  information i n  
t h e  d a t a  can be most c l e a r l y  communicated by p l o t s  i n  t h e  form of F i g s ,  3 & 4, 
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combined i n t o  2 groups: those  - Ss r ece iv ing  NA i n s t r u c t i o n s  i n  t h e i r  f i r s t  

s e s s i o n  and those  r ece iv inb  A i n s t r u c t i o n s  i n  t h e i r  f i r s t  s e s s ion .  The  range 

f a c t o r  was co l lapsed  i n  t h i s  a n a l y s i s ,  

Inspec t ion  of Fig. 7 shows t h a t ,  r e g a r d l e s s  of t h e  amount of previous 

exper ience ,  performance under t h e  A c o n d i t i o n s  w a s  f a c i l i t a t e d ,  For NA 

se s s ions ,  p re sen ta t ion  of anchors  i n  t h e  f i r s t  experimental  s e s s i o n  produced 

some improvement as compared t o  t h e  NA f i r s t  condi t ion ,  For t h e  s e s s i o n s  

involving anchors,  t h e  presence of anchors  o r  no anchors  i n  t h e  f i r s t  s e s s i o n  

w a s  i r r e l e v a n t  t o  performance. Contrary t o  expec ta t ion ,  t h e r e  were no cons is -  

tmt r e s u l t s  concerninl; t h e  over- and u n d e r ~ s t i m a t i o n s ,  

Discussion 

As expected, the  accuracy of v e r b a l  d i s t a n c e  judgments was d r a s t i c a l l y  

improved by t h e  a v a i l a b i l i t y  of anchor in€  ormation. Although such s t anda rds  

tendecl t o  decrease  within-sub ject  v a r i a b i l i t y ,  t h e r e  n e v e r t h e l e s s  remained a 

s u b s t a n t i a l  amount of v a r i a b i l i t y  between observers .  

v a r i e d  g r e a t l y  i n  t h e i r  a b i l i t y  t o  re ta in  and e f f e c t i v e l y  u t i l i z e  anchor in fo r -  

mation over an extended per iod of t i m e .  I n  g e n e r a l ,  t h e  judgments made under 

N A  cond i t ions  were f a c i l i t a t e d  by having rece ived  anchors i n  a previous ses- 

It is l i k e l y  t h a t  - Ss 

s i o n ;  however, such improvement was no t  a s  l a r g e  as t h a t  observed i n  sessions 

conducted under anchor condi t ions .  I t  t h u s  appears  t h a t  t h e  a v a i l a b i l i t y  of 

s tandards  i n  a p a r t i c u l a r  s e s s i o n  was e n t i r e l y  s u f f i c i e n t  r e g a r d l e s s  of t h e  

prev ious  experience of t h e  observers .  

Verbal  judbments of d i s t a n c e  were h i g h l y  inaccura t e  when awhor inf orma- 

t i o n  was not made a v a i l a b l e  t o  t h e  observers ;  bo th  wi th in -  and between-observer 

va r i ab i !  i t y  w a s  q u i t e  l a rge .  Under t h e s e  NA cond i t ions ,  extended p r a c t i c e  wi th  

16 
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t h e  s t i r n u " .  of a given range r e s u l t e d  i n  l i t t l e  improvement i n  performance. 

The - Ss might have been unable,  i n  t h e  absence of s t anda rds ,  t o  label adequate ly  

t h e  va r ious  d i s t a n c e s .  The use of f r a c t i o n a l  distance judgments (e.g., t ,alf- 

d i s t a n c e  judgments) which involve no verbal response by t h e  Ss shou ld  h e l p  

d i s t i n g u i s h  between errors based on d i s t a n c e  "naming" and e r r o r s  which are due 

t o  an  i n a b i l i t y  t o  behave a p p r o p r i a t e l y  w i t h  r e s p e c t  t o  t h e  d i s t a n t  s t i m u l i .  

Although d i s t a n c e  range is l i k e l y  a main de te rminer  of over- and under- 

e s t ima t ions ,  t h e  large performance v a r i a b i l i t y  i n  t h i s  experiment obscured any 

meaningful t r e n d s  involving t h e s e  types  of errors. Extreme c a u t i o n  must be  

taken i n  a t t r i b u t i n g  any s i g n i f i c a n c e  t o  performance d i f f e r e n c e s  under such 

circumstances.  

- 

I t  is probable t h a t  t h e  i r r e g u l a r  p r e s e n t a t i o n  of t h e  d i s t a n c e  s t i m u l i  i n  

t h i s  experiment was q u i t e  un l ike  most s i t u a t i o n s  encountered by t h e  Ss i n  t h e  

real world. The d i s t a n c e  estimate requirements  imposed by t h e  environment 

usua l ly  are of a s e q u e n t i a l  na tu re ;  consequently,  t he  high within-observer  

v a r i a b i l i t y  may be reduced by p resen t ing  t h e  d i s t a n c e  s t i m u l i  i n  ascending or 

descending order of magnitude. 

- 
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Method 

Subjects.--Sixteen male undergraduates  a t  Texas C h r i s t i a n  Un ive r s i ty  were 

paid t o  p a r t i c i p a t e  i n  t h i s  s tudy.  Eight  of t h e s e  d Ss were s o p h i s t i c a t e d  

observers  since they  had p a r t i c i p a t e d  13 t h e  p r e v i m s  experiment. The remain- 

ing  e i g h t  - Ss were na ive  as t o  t h e  i n t e n t  of t h e  research. A l l  - Ss possessed 

emmetropic (uncorrec ted)  vis ion as judged by an  op tomet r i s t .  

Procedure.--This s tudy  was i d e n t i c a l  t o  Experiment I i n  a l l  r e s p e c t s  

except  f o r  t h e  fo l lowing  procedures:  (1) t w o  new sets of ten d i s t a n c e  s t i m u l i  

each  were selected a t  random from each df the same distrlnce ranges used i n  t h e  

f i r s t  experiment;  ( 2 )  t h e  s t imu lus  d i s tances  were presented t o  - Ss i n  ascending 

or descending order of uiagnitude; (3) t h e  p r e s e n t a t i o n  cf t h e  v a r i o u s  sets of 

s t i m u l i  w e r e  counterbalanced w i t h i n  t h e  t w o  d i s t a n c e  ranges ,  as w e l l  as w i t h i n  

t h e  anchor cond i t ions ;  and (4) t h e  na ive  and s o p h i s t i c a t e d  - Ss were ass igned  t o  

t h e  va r ious  experimental  groups w i t h  t h e  c o n s t r a i n t  t h a t  an equa l  number of 

observers  from each s u b j e c t  group would appear  i n  each experimental group. 

R e s u l t s  
~~~~ 

Shor t  range--No anchors (Figs. 8 & 9)*.--The median percent  e r r o r  scores - - 
f o r  t h i s  cond i t ion  were p l o t t e d  a3 a f u n c t i o n  of i nd iv idua l  d i s t a n c e  poin ts .  

Inspection of Fig.  8 (naive group) and Fig.  9 ( s o p h i s t i c a t e d  group) reveals t h e  

fo l lowing  t rends :  (1) i n  g e n e r a l ,  accuracy of d i s t a n c e  judgments improved as a 

f u n c t i o n  of having previous ly  rece ived  anchor information,  e s p e c i a l l y  f o r  t h e  

naive group; (2 )  accuracy of judgments v a r i e d  i r r e g u l a r l y  as a f u n c t i o n  of 

*Refer t o  f o o t n o t e  2 ,  page 11. 
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i n d i v i d u a l  d i s t a n c e  poin ts ;  (3) v a r i a b i l i t y  was less f o r  groups having 

previously received anchor information; (4) t he  sophis t icated Ss were more - 
accurate f c r  a l l  cond i t ions ,  a l though t h e  d i f f e r e n c e  between t h e  two o b s e r k s  

groups diminished when anchor information had been previous ly  adminis tered,  

Long range--No anchors  (Figs .  10 S! ll).--The median percent  error scores - 
f o r  t h i s  condi t ion  were p l o t t e u  as a f u n c t i o n  of ind iv idua l  d i s t a n c e  poinrs ,  

Inspect ion of F ig .  13 (na ive  group) and Fig.  11 ( s o p h i s t i c a t k d  group) shows 
. 

t h e  followink: (1) the s o p h i s t i c a t e d  - Ss demonstrated g r e a t e r  accuracy i n  

jdd;ing d i s t a n c e  than  d i d  t h e  na ive  group; (2 )  t h i s  performance d i f f e r e n c e  w a s  

less f o r  s e s s i o n s  involving pA w i o u s l y  adminis tered anchor information;  (3) t h e  

constancy of judkments across s t imu lus  p o i n t s  was increased  by previous  anchor 

experience,  e s p e c i a l l y  f o r  t h e  na ive  group, 

Anchor condi t ion  (Figs ,  12--15),-=The median percent  error scores were 

again p l o t t e d  as B fu-tction of i nd iv idua l  d i s t a n c e  poin ts ,  The fo l lowing  

t r e n d s  w e r e  noted: (1) when anchor information w a s  a v a i l a b l e ,  there were no 

performance d i f f e r e n c e s  between t h e  na ive  and s o p h i s t i c a t e d  groups; ( 2 )  accu- 

racy of judgments w a s  g r e a t l y  improved by ti-,.>, presence of anchors;  (3) t h e  

range of error was approximately t h e  same as exh ib i t ed  i n  NA s e s s i o n s  fol lowing 

a n  A session; (4) t h e  t o t a l  number of previous s e s s i o n s  had l i t t l e  e f f e c t  on 

performance; and (5) accuracy of judgments remained r e l a t i v e l y  c a n s t a n t  across 

ind i v  idua l  a i s  t ance poin ts ,  

Over- -- acd underest imat ions (Figs .  16 Sr 17).--Inspection of Fig. l o  (na ive  

group) and Fib. 17 ( s o p h i s t i c a t e d  group) shows t h a t  t h e r e  w e r e  no c o n s i s t e n t  

r e s u l t s  concerning t h e  over- and Underestimations; t h e s e  f i n d i n g s  ag ree  w i t h  

t h e  r e s u l t s  of t h e  f i rs t  experiment. The presence of anchors obviously 

22 
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f ac i l i t a t ed  d i s t a n c e  judgments, However, t h e  "anchor f irst" cond i t ion  was 

e q u a l l y  e f f ec t ive  i n  increas ing  t h e  accuracy of dis tance estimates. The na ive  

- Ss performed as w e l l  a,p t h e  s o p h i s t i c a t e d  - Ss under a l l  NA cond i t ions  except  t h e  

"no anchor first" ses s ions .  Once anchors  had been adminis te red ,  t h e r e  w a s  

l i t t l e  d i f f e r e n c e  betwezn t h e  t w o  groups of observers .  

Comparisons of Figs ,  7 ,  16,  & 1 7  i n d i c a t e s  t ha t  f o r  t h e  A cond i t ions  there 

w a s  l i t t l e  d i f f e r e n c e  between s e q u e n t i a l  and random s t imulus  p r e s e n t a t i o n  i n  

degree of over- and underestimation. Pe rcen t  error i n  NA cond i t ions  was 

g e n e r a l l y  h igher  i n  Experiment I t h a n  Experiment IT, With t h e  conspicuous 

except ion  of t h e  overes t imat ions  i n  t h e  NA f i r s t  groups, t h e  na ive  - Ss' perfor -  

mance (Fig, 16) was s u p e r i o r  t o  a l l  other - Ss i n  both experiments,  

Discuss  ion 
~~ ~ 

As i n  the f i r s t  experiment,  t h e  a v a i l a b i l i t y  of anchor information 

produced g r e a t e r  accuracy of d i s t a n c e  estimates; however, t h e  s e q u e n t i a l  

p re sen ta t ion  of t h e  d i s t a n c e  s t i m u l i  reduced t h e  performance d i f f e r e n c e s  

between t h e  A and NA ses s ions .  It  is  l i k e l y  t h a t ,  s i n c e  t h e  s e q u e n t i a l  mode 

of presen ta t ion  is more r e p r e s e n t a t i v e  of a c t u a l  environmental  c o n d i t i o n s  than 

is i r r e g u l a r  s t imulus  p re sen ta t ion ,  t h e  - Ss were a b l e  t o  r e l y  heav i ly  upon p a s t  

experience,  

observer, t h u s  reducing somewhat t h e  v a r i a b i l i t y  of responses t o  i n d i v i d u a l  

d i s t a n c e  po in t s ,  

I n  o t h e r  words, judgments were more c o n s i s t e n t  f o r  any g iven  

Contrary t o  expec ta t ion ,  there ex is ted  l i t t l e  d i f f e r e n c e  i n  accuracy of 

judgments between t h e  na ive  and s o p h i s t i c a t e d  groups, The d i f f e r e n c e s  which 

were observed appeared t o  be prima.rily related t o  t h e  responses  made under t h e  

NA condi t ion.  Apparently,  anchors  rece ived  i n  previous s e s s i o n s  were as 
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e f f e c t i v e  i n  reducing error as actual anchor information rece ived  i n  t h e  

s e s s i o n  being considered.  The s e q u e n t i a l  n a t u r e  of t h e  rtimulurr p r e s e n t a t i o n  

may have increased  t h e  observers '  a b i l i t y  t o  r e t a i n  and utilise anchor informa- 

t i o n  over  extended per iods  of time. 

b e t t e r  t h a n  t h e  s o p h i s t i c a t 2 d  - Ss i n  some c a s e s  where anchor information was 

adminis tered.  

I n  f a c t ,  the  na ive  - Ss performed s l i g h t l y  

Although t h e  s e q u e n t i a l  presentGtion of t h e  s t i m u l i  undoubtedly f a c i l i -  

tated d i s t a n c e  judgments t o  some e x t e n t ,  there remains t h e  problem of d i s t i n -  

gu ish ing  between "d is tance  naming" and a c t u a l  judgment d i f f i c u l t i e s .  

performance v a r i a b i l i t y  can be reduced by s e q u e n t i a l  p r e s e n t a t i o n  of d i s t a n c e  

p o i n t s ,  it is l i k e l y  t h a t  v a r i a b i l i t y  can be reduced even more by methods 

involving non-verbal responses.  Such a s i t u a t i o n  seems even more analogous 

t o  what i; r e q u i r e d  of t h e  observer i n  t h e  real world. 

If 

There remain several problems t o  be inves t iga t ed .  F i r s t ,  i n v e s t i g a t i o n  of 

d i s t a n c e  judgments involving nonverbal responses  is obviously needed. Second, 

i n  o rde r  t o  determine thP  optimal method f o r  i nc reas ing  t h e  v e r i d i c a l i t y  of 

verba l  responses ,  t h e  effects of f u l l  and p a r t i a l  knowledge of results should 

be compared t o  t h e  effects of anchor information upon performance. Th i rd ,  

since i n  these experiments s i z e  and distance were completely confounded, t h e  

effects of vary ing  t a r g e t  s i z e  upon d i s t a n c e  estimates should be inves t iga t ed .  

I t  is poss ib l e  t h a t  target s i z e  determines t h e  degree of over- and under- 

e s t ima t ions .  

Department of Psychology 
Texas C h r i s t i a n  Un ive r s i ty  

F o r t  Worth, Texas 76129, December 22, 1967 
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VERBAL E:,"I'IMATION OF U J  - 1 M C E  I N  A SIMUL.4TE- SPACE 
E,WIKONMiNT. Malcolm D e  4rnoul t ,  B i l l  R e  B-own, 
Robert J. Y i n c e n t ,  and Sandra Tees. December 1967, 
34 p. 

Prel iminary work has ind ica t ed  t h a t  when Ss are 
given no information o the r  than  t h e  real s i z e  of 
t h e  tarbet, verbal estimates of d i s t a n c e  over t h e  
200-50G3 f t ,  range tend t o  have a median error of 
about 55%, wi th  errors on ind iv idua l  t r ials running 
as high as 1W,OI. Two experiments i nves t iga t ed  
poss ib l e  ways of improving t h e  accuracy of verbal 
Juclgments. E f f e c t s  due t o  kind of s t imulus  se- 
quence (random or s e q u e n t i a l  1 ,  d i s t a n c e  range, and 
t h e  presence of verbal anchors  were examined. In  
t h e  f i r s t  experiment t h e  l i m i t s  of t h e  d i s t a n c e  
rante being Used w e r e  shown and i d e n t i f i e d  t o  t h e  
Ss before each set of 10 judgments of randomly 
Fhosen d i s t ances .  The use of t h e s e  "anchors" 

reduced t h e  median brror t o  about 15%- A second 
experiment i nves t iga t ed  t h e  e f f e c t  of s e q u e n t i a l  
p re sen ta t ion  of d i s t ances .  The e f f e c t  of anchors 
w a s  about t h e  same, but  t h e r e  were also some adap- 
t a t i o n  e f f e c t s  stemming from t h e  s e q u e n t i a l  order 
of s t imu la t ion  e 


